The existing Shewhart X-bar control charts using the exponentially weighted moving average statistic are designed under the assumption that all observations are precise, determined, and known. In practice, it may be possible that the sample or the population observations are imprecise or fuzzy. In this paper, we present the designing of the X-bar control chart under the symmetry property of normal distribution using the neutrosophic exponentially weighted moving average statistics. We will first introduce the neutrosophic exponentially weighted moving average statistic, and then use it to design the X-bar control chart for monitoring the data under an uncertainty environment. We will determine the neutrosophic average run length using the neutrosophic Monte Carlo simulation. The efficiency of the proposed plan will be compared with existing control charts.
Introduction
The production process may shift from the target due to a number of reasons. Therefore, to produce the product according to given specifications, it is watched to indicate any shift in the process. The control charts are popularly used in the industry to watch the production process. In the industries, usually, the Shewhart control charts are used for the monitoring of the process. Although these control charts have a simple operational procedure, they are unable to detect a small shift in the process. Therefore, the Shewhart control charts do not detect a very small shift, and cause a high non-conforming product. The applications of such charts can be seen in [1] [2] [3] [4] [5] [6] .
The control charts using the exponentially weighted moving average (EWMA) used the current subgroup and previous subgroup information, and were said to be more efficient in detecting a very small shift in the process. The control chart based on this statistic is more efficient than the traditional Shewhart control charts. Roberts [7] designed a control chart using this statistic first time. Haq [8] and Haq et al. [9, 10] used the EWMA statistic to propose a variety of control charts. Abbasi et al. [11] and Abbasi [12] introduced its setting in normal and non-normal situations and for measurement errors, respectively. Sanusi et al. [13] presented an alternative for the EWMA-based chart when additional information about the main variable is available. References [14] [15] [16] [17] presented such control charts. More basic information about the control charts can be seen in [18, 19] .
The traditional Shewhart control charts cannot be applied when uncertainty or randomness is expected in the data. The fuzzy-based control charts are the best alternative to monitor the process when observations or the parameters under study are fuzzy. As mentioned by Khademi and Amirzadeh [20] , "Fuzzy data exist ubiquitously in the modern manufacturing process"; therefore, serval authors paid attention to work on such control charts, such as for example [21] [22] [23] [24] [25] [26] .
The traditional fuzzy logic is a special case of neutrosophic logic. The latter one has the ability to deal with the measure of indeterminacy; see Smarandache [27] . The classic statistics (CS) method is applied under the assumption that all observations in data are determined, precise, and certain. However, in the modern manufacturing process, it may not be possible to record all determined observations in the data. In this situation, the neutrosophic statistics (NS) can be applied for the analysis of the data. The NS was introduced by Smarandache [28] using neutrosophic logic, which is the generation of CS. The NS is more effective to be applied for the analysis of imprecise data than CS. Chen et al. [29, 30] proved the effectiveness of the NS-based analysis. Aslam [31] introduced a new area of neutrosophic quality control (NQC). Aslam et al. [32, 33] introduced NS-based attributes and variable charts. Aslam and Khan [34] proposed the X-bar chart under NS. Aslam et al. [35] designed a chart to monitor reliability under uncertainty. Aslam [36, 37] proposed the attribute and variable charts using resampling under NS.
Sentürk et al. [38] proposed the EWMA control chart using the fuzzy approach, which is the special case of the control chart using the neutrosophic logic, as mentioned by Smarandache [27] . By looking into the literature of the control chart under the uncertainty environment, we did not find any work on the X-bar control chart based on the neutrosophic exponentially weighted moving average (NEWMA). In this paper, we will first introduce NEWMA. We will introduce the new Monto Carlo simulation under the neutrosophic statistical interval method (NSIM). We will determine the neutrosophic average run length (NARL) of the proposed chart to compare its performance. We hope that the proposed chart will be more sensitive in detecting a small shift in the process as compared to the traditional Shewhart X-bar chart, EWMA X-bar chart under CS [19] and X-bar chart under NS [34] .
The Proposed NEWMA Statistics
In this section, we will introduce NEWMA statistics.
be the neutrosophic sample average of a neutrosophic random variable (nrv) X iN {X L , X U } = i = 1,2,3, . . . , n N , where n N is the neutrosophic sample size. Suppose that S 2 N = n N i=1 X N − X N 2 /n N − 1; S 2 N S 2 L , S 2 L represents the neutrosophic sample variance. By following Smarandache [28] and Aslam [31] , the neutrosophic sample average follows the neutrosophic normal distribution (NND) with a neutrosophic population mean µ N = N N i=1 X N /N N ; µ N µ L , µ U and neutrosophic population variance
Based on the given information, we define NEWMA statistics as follows:
where 1] denotes the neutrosophic smoothing constant. Note here that X N X L , X U are assumed to be independent random variables with neutrosophic variance σ 2 N /n N (σ 2 N σ 2 L /n N , σ 2 L /n N and known neutrosophic population variance, as shown in [38] . The setting of λ N {λ L , λ U } is matter of personal experience. Montgomery [14] recommended that it should be selected from 0.05 to 0.25. The EWMA N,i follows the NND with neutrosophic mean µ N µ L , µ U and neutrosophic standard deviation
The Proposed NEWMA X-Bar Control Chart
The proposed X-bar control chart using the NS is described as follows:
1.
Choose a random sample of size n N {n L , n U } and compute EWMA N,i statistics.
Declare the process is an in-control state if LCL N < EWMA N,i < UCL N ; otherwise, it is in an out-of-control state. Note here that LCL N [LCL L , LCL U ] and LCU N [LCU L , LCU U ] are the neutrosophic lower and upper control limits.
The proposed chart becomes a chart based on NS proposed by Aslam and Khan [34] when λ N {1, 1}. When all the observations are precise, the proposed chart becomes the traditional Shewhart chart under CS. The neutrosophic control limits are given by:
where k N ∈ k L, , k U is the neutrosophic control limits coefficient, and will be determined later. Let µ 0N µ 0L , µ 0U be the target value for the process. According to the operational process of the proposed control, the probability that the process under the NS is an in-control state is given by:
The neutrosophic average run length (NARL) of the proposed chart is given by:
Suppose now that the process has shifted to a new target at
The neutrosophic probability of an in-control state at µ 1N µ 1L , µ 1U is given by:
The Proposed Neutrosophic Monte Carlo Simulation (NMCS)
As we mentioned earlier, the neutrosophic control limits coefficient k N k L, , k U will be determined through the neutrosophic Monte Carlo Simulation (NMCS) under the given constraints. The proposed NMCS is stated as follows.
For In-Control State
Step 1: A random sample of size n N {n L , n U } is generated from a standard normal distribution. The mean of the random sample interval of size n N {n L , n U } is computed as X N X L , X U is computed. The plotting EWMA N,i statistic is computed as:
Step 2: The proposed statistic EWMA N,i is plotted over the LCL N [LCL L , LCL U ] and LCU N [LCU L , LCU U ] by selecting a suitable value of k N k L, , k U , and ARL 0N {ARL 0L , ARL 0U } is computed.
Step 3: The ARL 0N {ARL 0L , ARL 0U } and neutrosophic standard deviation (NSD) are computed by iterating process 10,000; only those k N k L, , k U values along with their respective parameters are selected for which ARL 0N = r 0N ; ARL 0N {ARL 0L , ARL 0U }, where r 0N is the specified value of ARL 0N {ARL 0L , ARL 0U }.
For Shifted Process
Step 1: For selected values of k N k L, , k U and their corresponding parameters,
Step 2: As per explained for the in control process in step 1, now data is generated at
Step 3: The ARL 1N {ARL 1L , ARL 1U } is computed for a specified shift level by 10,000 iterations of the process.
Step 4: For various shifts, levels step 2 and 3 are repeated, the values ARL 1N {ARL 1L , ARL 1U } and NSD are computed at various values of d.
Note here that the proposed NMCS is the generalization of Monte Carlo simulation under CS. The values of ARL 1N {ARL 1L , ARL 1U } and NSD are determined for various values of d, n N {n L , n U } and λ N {λ L , λ U } ARL 0N {ARL 0L , ARL 0U }, and are shown in Tables 1-4 for ARL 0N {300, 300} rather than ARL 0N {370, 370}. The values of NARL when n N [3, 5] and λ N [0.08, 0.12] are shown in Table 1 . The values of NARL when n N [3, 5] and λ N [0.18, 0.22] are shown in Table 2 . The values of NARL when n N [3, 5] and λ N [0.28, 0.32] are shown in Table 3 . The values of NARL when n N [5, 10] , n N [5, 8] , and λ N [0.08, 0.12] are given in Table 4 . From Tables 1-4 , it is worth to note that when all other parameters are constant, the values of NSD are smaller for ARL 0N {300, 300} than for ARL 0N {370, 370}. With the increase in λ N {λ L , λ U }, we note the decreasing trend in ARL 1N {ARL 1L , ARL 1U } and increasing trend in NSD. From Table 4 , we observe that the indeterminacy interval in ARL 1N {ARL 1L , ARL 1U } increases as n N {n L , n U } increases from n N [5, 8] to n N [5, 10] . On the other hand, the indeterminacy interval in NSD deceases as n N {n L , n U } increases. 
Comparative Studies
In traditional control under CS, it is known that a control chart having the smaller values of average run length (ARL) and standard deviation of run length (SDRL) is said to be efficient in detecting the shift in the process. In the neutrosophic theory, according to [29, 30] , a method is said to be efficient if it provides the parameter in the indeterminacy interval rather than the determined values in uncertainty. As mentioned by [32] , a chart under the NS is said to be more efficient if it has smaller values of NARL than the competitor's charts. We will compare the efficiency of the proposed chart in NARL with the traditional Shewhart X-bar, EWMA X-bar chart proposed by [19] and chart proposed by [34] under NS. We will compare the performance of all the charts at the same specified neutrosophic parameters. Table 5 shows the NARL values of the control charts when n N [3, 5] , ARL 0N {370, 370}, and λ N [0.08, 0.12]. We note that the proposed chart under the NS has smaller values of NARL as compared to the traditional Shewhart X-bar, EWMA X-bar chart [19] and charts proposed by [34] . For example, when d = 0.05, the NARL and NSD from the present chart are ARL 1N {270.32, 248.92} and NSD [257. 15,238.27] ; from [34] , it is ARL 1N [356.86, 348.52], and from [19] , they are charts 278 and 261, respectively. From this comparison, it is clear that the proposed chart has smaller values of NARL and NSD, which has the ability to detect a small shift in the process. The theoretical comparisons in NARL of the three charts show the superiority of the proposed control chart. For the summated data, we suppose that n N [3, 5] , ARL 0N {370, 370}, and λ N [0.08, 0.12]. The 40 observations from NND are generated, having half of the data generated assuming that the process is in-control state, and next 20 observations are generated assuming that the process has shifted with d = 0.25. The simulated data along with X N X L , X U and EWMA N,i are shown in Table 6 . From Table 1 , the tabulated NARL is ARL 1N {24.42, 17.5}, so it is expected that the shift should be detected between the 17 th sample and the 24 th sample. We constructed Figure 1 for the proposed control chart, Figure 2 for the chart proposed by [34] , and Figure 3 for the traditional Shewhart X-bar chart. From Figures 1-3 , it is worth noting that the proposed control chart detects the shift in the process between the 17 th sample and the 24 th sample. Figure 2 shows that although the process is an in-control state, some points are in an indeterminacy interval. Figure 3 shows that the process is an in-control state, and all the parameters are determined. By comparing Figures 1-3 , it is concluded that the proposed control under NS is quite effective, flexible, and efficient in detecting the shift in the process as compared to the existing control charts. For the summated data, we suppose that [3, 5] , 370,370 , and [0.08,0.12]. The 40 observations from NND are generated, having half of the data generated assuming that the process is in-control state, and next 20 observations are generated assuming that the process has shifted with = 0.25. The simulated data along with , and , are shown in Table 6 . From Table  1 , the tabulated NARL is 24.42,17.5 , so it is expected that the shift should be detected between the 17 th sample and the 24 th sample. We constructed Figure 1 for the proposed control chart, Figure 2 for the chart proposed by [34] , and Figure 3 for the traditional Shewhart X-bar chart. From Figures 1-3 , it is worth noting that the proposed control chart detects the shift in the process between the 17 th sample and the 24 th sample. Figure 2 shows that although the process is an in-control state, some points are in an indeterminacy interval. Figure 3 shows that the process is an in-control state, and all the parameters are determined. By comparing Figures 1-3 , it is concluded that the proposed control under NS is quite effective, flexible, and efficient in detecting the shift in the process as compared to the existing control charts. 
Application
A famous automobile industry situated in Saudi Arabia is interested in applying the proposed control chart under the NS for monitoring the production of engine piston rings (EPR). The EPR is an important part of the engine, which improves its efficiency by minimizing the gas or oil leakage and transforming the heat to the cylinder wall. The EPR is a continuous variable and has the possibility of imprecise, fuzzy, and in-determined values. In such a case, the use of the proposed control to monitor the production process of EPR using the proposed control chart under the NS will be more effective and informative than the use of the existing control chart. The proposed control chart will enhance the power of the monitoring of the process using the current sample and previous sample information. Furthermore, the simulation study showed the efficiency of the proposed chart over the existing chart proposed by Aslam and Khan [34] . Therefore, the use of the proposed control chart for the monitoring of ERP production in the industry will help in minimizing the non-conforming ERP product. Suppose that the automobile industry is interested in seeing the efficiency of the proposed chart when [3, 5] , 370,370 , and [0.12,0.12] . The neutrosophic control limit coefficient is 3.001,3.002 . The neutrosophic data of ERP is taken from Aslam and Khan [34] and shown in Table 7 for easy reference. The neutrosophic statistic and neutrosophic control limits for monitoring the ERP data shown in Table 7 are 73.9964,73.9969 ; 0.008896,0.009399 and 74.0051,74.0055 ; 0.008896,0.009399 . We constructed Figure 4 for the proposed control chart, Figure 5 for the chart proposed by Aslam and Khan [34] , and Figure 6 for the traditional Shewhart X-bar chart. From Figures 4-6 , it is noted that the proposed control chart shows that the process is near the neutrosophic target lines. On the other hand, the existing control chart by Aslam and Khan [34] shows much variation in the process. The traditional Shewhart has the determined values of parameters, and is not suitable in uncertainty. By comparing the three charts, it is concluded that the proposed chart has the ability to centralize EPR production process. 
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SampleX N EWMA N Figure 4 . The proposed chart for the real data. 
Concluding Remarks
We presented the designing of the X-bar control chart using the neutrosophic EWMA (NEWMA) statistics. The neutrosophic NEWMA and NMSC are introduced in this paper. Some tables for various neutrosophics are presented for practical use in the industry. The theoretical comparisons in the NARL and simulation study showed that the proposed chart performs better than the competitor's charts. The real example of ERP data from the automobile industry also showed the efficiency of the proposed chart. We recommend using the proposed control chart for monitoring the process in the automobile, aerospace, mobiles, water drinking, and medical instrument industries. The proposed chart can be only applied when the variable of interest follows the neutrosophic normal distribution. The proposed chart using some non-normal distributions can be considered as future research. The proposed control chart using some advanced sampling schemes will be considered as future research. 
We presented the designing of the X-bar control chart using the neutrosophic EWMA (NEWMA) statistics. The neutrosophic NEWMA and NMSC are introduced in this paper. Some tables for various neutrosophics are presented for practical use in the industry. The theoretical comparisons in the NARL and simulation study showed that the proposed chart performs better than the competitor's charts. The real example of ERP data from the automobile industry also showed the efficiency of the proposed chart. We recommend using the proposed control chart for monitoring the process in the automobile, aerospace, mobiles, water drinking, and medical instrument industries. The proposed chart can be only applied when the variable of interest follows the neutrosophic normal distribution. The proposed chart using some non-normal distributions can be considered as future research. The proposed control chart using some advanced sampling schemes will be considered as future research. Figure 6 . The X-bar chart under CS for the real data.
